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NEMA’s definition
• “ The basic concept of Smart grid is to 
add monitoring , analysis , control and 
communication capabilities to the 
national electric grid in order to improve 
reliability , maximize throughput , 
increase energy efficiency provide 
customer participation and allow diverse 
generation and storage options.”
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Smart grids: The Challenges-
• How to increase levels of renewables 
• How to facilitate demand management on terms 
acceptable to consumers and which assists 
renewables
• How to use remote measurements to make 
transmission systems more robust
• How to incorporate electric vehicles without 
increasing the peak loading problem,
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Plug-in hybrids likely to increase strongly: what is 
the impact on the grid?
Plug hybrids are 
being developed in 
several places 
expected range 
60km 
“Plug hybrids: 
greatest threat and 
greatest 
opportunity”  -local 
utility
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• What are the optimal range of options 
for adding renewable generation 
capacity to the grid
– Voltage control and protection for 
distribution 
– Transfer capacity improvements and 
variability for transmission
Research Questions discussed here
http://www.blueskyenergy.com.au/im
ages/pvhs1-main.jpg
http://i.i.com.com/cnwk.1d/i/ne/p/2006/1.S
olar-Park_550x393.jpg
http://i.i.com.com/cnwk.1d/i/ne/p/2008/Abe
ngoaTrough550x411.jpg
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Smart Algorithms for Improved transmission 
robustness 
• Some of the documents on smart grids such as “Smart Cities 
Smart Grid” from Australia list PMU measurements as a part 
of smart grids but the document gives no idea of what to do 
with them 
• Many advocates of Smart grid are IT and Comms companies 
who will deliver all the measurements but do not understand 
how these measurements will deliver improved power system 
performance 
• Italy (+Victoria) spent much to install smart meters but not 
clear how they will be used
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Smart Transmission: Multi Region Power System 
• Many machines but prefer to simplify since the high 
frequency intermachine modes not the aim 
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Reduced Multiregional system 
• Model reduction to one equivalent generator in a 
region 
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Example Smart Algorithm for Improved 
transmission robustness
• There are 4 steps for robustness algorithms 
• Step 1 off line studies to identify regions
• Step 2 On-line non-linear identification to track 
regional models
• Step 3 Kalman filter to extract system states 
• Step 4 Model predictive control to determine best 
nonlinear control 
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Step 1 Coherence Modelling as regions: 
Load Randomness
• In normal operation customers make changes in 
loads which have very low correlation over short 
times. The total load behaves like the integral of 
random noise in the short term with longer term time-
of-day trends. 
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Step 1: Model of coherent groups
• Low pass of velocity 
states (not mode zero) : 
attention only on 
interarea modes
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Coherence of 
velocity states 
Correlation of generator velocities with machine 3
Correlation of generator velocities with machine 7
Correlation to power =4 of 
generator velocities with 
machine 2
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Step 2 Identification of regional dynamics
• the ability of identification of inter region links and 
damping for a multiregion system 
• The load for each region is the integral of white noise 
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Classical model
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If we measure angles and accelerations (assume voltages=1) we 
can  do least squares but the unmeasured P is not white 
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The least squares problem with white noise 
added is thus
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Use background load variations 
For this least squares 
problem we need to low 
pass filter to focus on only 
interarea modes.
We can identify and match 
acceleration is we limit 
sample rate and hence high 
freq noise
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Identify with major operating point changes  
sin(delta) is the input to linear eqn
• Measurement 
on common 
frame
• Quality of fit 
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Cannot find J1 J2   etc but can get J1/x12  
J2/x12 thus J1/J2
Normalized 
inertia 
estimate
actual 
inertias
% error in 
fractions
0.446 4 0.429
0.111 1 0.407
0.33 3 -0.716
0.111 1 0.024
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Step 3 : Kalman Filtering
• The Kalman Filter developed 
as an optimal linear state 
estimator when the input and 
output of a system are 
corrupted by white noise v and 
w respectively, but where the 
model itself is known 
• Estimate from:
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Low order Modal states response to random 
load changes (20 machine)
• initial startup transient 
shows a set of 
separated oscillations 
at the different modal 
frequencies initially 
followed by the 
response to random 
load changes.
• Note drift of common 
mode
(20 machine)
(10 machine)
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Initial disturbance  with random load 
changes : modal states
• Modes are separated , 
system frequency found 
as derivative of common 
mode
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States through large transient using reduced 
Kalman with model error 
• Errors in estimate more 
in regions with missing 
transducers 
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Step 4 Model predictive control to determine 
best nonlinear control 
• Model predictive control starts a model of the system 
from the current state. 
• The control values over the next set of time steps    
U=[u1 u2 u3..u20] is then optimized using search 
techniques optimizing some performance measure.
• Thus we will have initial U0 and performance J0 and 
then have a step to U1 and J1 to find best U
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Step 4 Model predictive control to determine 
best nonlinear control- part 2 
• The first step for the control value is then applied to the 
real plant and the optimizations re-commences from 
the state at that time
• Originally for complex but slow chemical plants. Now 
with reduced models and an energy based 
performance it becomes applicable to power systems
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Step 4 Model predictive control to determine 
best nonlinear control 
• New England test 
System
series controller 
line 15-16 
fault
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Kinetic Energy Controller based on change of angle across link 
Model Predictive Controller 
Improved transfer capacity 
following 16-17 fault with MPC
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Summary of one “smart” transmission 
algorithm
• Remote measurements can permit live 
modelling of network dynamics and the 
development of non-linear controls 
CRICOS No. 000213Ja university for the worldreal R
DISTRIBUTION SYSTEM ISSUES
• Automatic reconfiguration of networks after 
faults
• Voltage rise in regions with Distributed 
Generation 
• Protection of Feeders with DG
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Power Sharing with Angle Droop 
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Present state: P-f droop
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With multiple sources they must share load 
power changes
• Conventionally the 
generators can 
share based on 
frequency droop. 
• Lower frequency 
deviations with 
angle droop 
• Different 
performance with 
comms
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Protection of line including DG 
• 4 bus radial 
network
• Relays based 
on admittance 
can have 
much lower 
clearing times 
and still give 
grading
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Overcurrent relays can be sensitive to 
source impedance
• Admittance 
relays are 
insensitive to 
source 
impedance
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Voltage Controllers need robust design
• Inverters in distribution can 
oscillate but given a minimal 
impedance on the filter, stability 
follows for any connection . VSC-2 output power showing 
stable, undamped and unstable
operation.
. Single-line diagram of parallel 
operation of two VSCs.
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CUSTOMER ISSUES
• WE KNOW THAT DEMAND MANAGEMENT 
NEEDS ENGAGEMENT FROM CUSTOMERS
• NEED SIGN-UP TO AUTOMATIC PROGRAM TO 
AVOID FATIGUE EFFECT
• TO HELP THEM TRUST THE PROGRAM IT 
NEEDS TO HAVE AN OVERRIDE WHEN THE 
CUSTOMER NEEDS TO SERVICE
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Conclusions 
• Communications and remote measurements can 
improve power system performance
• Need special algorithms to improve transmission 
stability using signals 
• Need voltage control and protection to gain the 
benefits of DG 
• With these features then networks can handle 
renewables, be more robust and reliable and 
• work with customers to handle supply variability 
(“smarter’)
